Materials and methods
Social networks.
To measure the size of participants' inner social network 'layer', they were asked to record their relationship to individuals whom they would turn to for help and support during times of difficulty and distress (10) . This index is known to correlate with the size of the complete social network measured in a variety of ways (11) (12) (13) . A modified version of the visual Inclusion of Other in Self (IOS) scale (14) , as applied to the participant's wider social community, was used to measure a participant's feeling of integration with or closeness to their local community.
Demographic data. The questionnaire concluded with demographic items on gender, age and ethnicity, as well as questions on participants' physical and mental health (diagnosis and how long ago they last suffered an episode) and any medications that they were currently taking for physical conditions.
Candidate SNPs
We genotyped 33 candidate SNPs from nine genes (see Table S1 ). Eleven candidate SNPs were chosen for OXTR based on previous literature (rs7632287, rs53576, rs2254298, rs1042778, rs2228485, rs237887, rs2268490, rs4686302, rs237897, rs2268491, rs13316193): see Table S1 . The AVPR1a SNP rs11174811 was included due to suggestions of a link to spousal satisfaction (15) and previous non-significant findings in relation to social integration (16) . The AVPR1a SNPs rs7294536 and rs10877969 were included due to previous ties to autism and social dysfunction (17) , with an additional SNP included for exploratory purposes: rs3759292.
For OPRM1, most work on human sociality has focused on a single SNP, rs1799971 (A118G), but as well as this variant we also included three others that have been investigated in relation to empathy and autism, but have not shown a significant effect: rs648893, rs495491, and rs1381376 (18) . In addition, we included OPRM1 SNPs which to our knowledge have not as yet been investigated in relation to human sociality, but have associations with schizophrenia and addiction, suggesting potential functional polymorphism effects: rs2075572 (19, 20) , rs3778151 and rs510769 (21) .
The HTR1A SNP rs6295, the HTR2A SNPs rs6311 and rs6313, and the DRD1 SNPs rs26581, rs4532 and rs686, were included based on past findings (Table S1 ). The ANKK1 SNP rs1800487 was included because this gene is located downstream of DRD2 and this SNP has been linked to lower receptor density (22) , as well as adult attachment and eros-type love (23, 24) . We also included the DRD2 SNP rs468317 because it has been linked to behavioural inhibition and impulsivity (25) , and additionally rs1076560 (26) and rs1801028 (27) were included for exploratory purposes.
The AR SNP rs6152 was included because the AA genotype was found at significantly higher frequencies in female autistic clinical patients as compared to controls (28) .
Genotyping
A single sample of saliva was taken from each participant using an OrageneDNA collection kit (collects 2mL of saliva for processing), which renders the samples acellular. The DNA was extracted (using Kleargene technology: http://www.lgcgroup.com/products/dna-extractionkits/kleargene-silica/#.VtBw0RgzsQ2) and genotyped by LGC (https://www.lgcgroup.com/), following (29) using KASP technology (http://www.lgcgroup.com/products/kasp-genotypingchemistry/#.VtBxdBgzsQ0).
No new genetic sequences result from this research.
Data
The data can be found in the accompanying SI (Neuropeptide Genetics Data) data file.
Analysis
Participants with less than 90% coverage were removed (11 in total) All the SNPs had at least 95% coverage. Only 4 of the SNPs differed significantly from Hardy-Weinberg equilibrium in the main sample (OXTR rs237897 p=0.048, OXTR rs2228485 p=0.045, DRD1 rs265981 p=0.007, OPRM1 rs648893 p=0.01).
Clustering according to linkage disequilibrium (LD) pruned 7 SNPs from the main sample: rs2268491 (OXTR), rs686 (DRD1), rs4532 (DRD1), rs510769 (OPRM1), rs1381376 (OPRM1), rs10877969 (AVPR1a) and rs6313 (HTR2A). In addition, rs3759292 and rs1801028 were also excluded due to very low minor allele frequencies. This left 10 OXTR SNPs, 2 AVPR1a SNPs, 5 OPRM1 SNPs, 1 AR SNP, 1 DRD1 SNP, 2 DRD2 SNPs, 1 ANKK1 SNP, 1 HTR1a SNP and 1 HTR2a SNP in the final analysis.
Analysis was conducted using Plink version 1.9 (30, 31) . Plink allows us to test simultaneously for three alternative allelic conformations. The additive term models a linear relationship between the number of minor alleles carried (i.e. 0, 1 or 2) and the dependent variable, whereas the dominance deviation from additivity term models the degree of departure from a linear relationship in terms of whether heterozygotes score, on average, significantly higher or lower than expected from a linear model. The geno_2df term models the combined effect of additivity and dominance deviation. Thus, the add term tests for a simple additive effect (AA<Aa<aa): a positive effect indicates that carrying more copies of the minor allele linearly increases the value of the dependent variable (vice versa for a negative effect). In contrast, domdev tests for dominance/recessive effects (AA=Aa>aa, or vice versa), while geno_2df tests for heterozygotic effects (AA<Aa>aa, or vice versa). Genotypic models were applied to all the diploid SNPs, including additive (add), dominance deviation from additivity (domdev) and combined (geno_2df) terms, as well as age, sex and the sex x genotype interactions.
To test the independence of associations between particular SNPs and specific social variables, we ran posthoc models that controlled for the effect of additional SNPs that also showed significant associations with the same social variable.
With a large number of SNPs and dependent variables, multiple testing will always be an issue and conventional approaches (such as Bonferroni correction) are not always helpful because these are well known to be too conservative, not least because its standard adjustment for type 1 errors inevitably inflates type 2 errors (accepting the null hypothesis when it should in fact be rejected) (32, 33) . To control for multiple testing, the mperm function was used with 1000 permutations (33) , since the adaptive permutation tests did not exceed this value except for rs4686302 for the SOI-R analysis. Running 10,000 permutations made no difference to the output statistics. Although genotypic model significance levels did not always survive correction for multiple tests using mperm, the consensus is that these corrections are likely to be overly conservative because they fail to account for dependence between tests due to linkage disequilibrium and the fact that the genes included are often involved in the same metabolic pathways (34, 35) . Since the AR SNP is haploid, dominance tests are inappropriate, so additive models only are reported in this case. The additive models survived mperm correction.
However, our main interest is not so much with the individual relationships between individuals SNPs and behavioural traits per se, but rather with the overall pattern exhibited across the behavioural domains by the individual neuropeptides. An alternative approach is therefore to ask how randomly the SNPs for the neuropeptides are distributed across the social domains. To evaluate this, we used a contingency analysis on the distribution of associations between neuropeptide SNPs and social domains, using p=0.05 as a reasonable criterion for association frequency for inclusion. We ask whether the associations defined in this way are evenly distributed across domains, using standard χ 2 . In fact, we can use any value of p that we like as the criterion for inclusion, subject to the constraint that using too low a criterion would result in no relationships being included while too high a value would result in all relationships being included (a familiar sampling problem in quantitative ecology (36) ). Our aim is to ask whether "significant" (or common) associations are more likely to occur for any neuropeptide in respect of any domain, assuming that these are evenly distributed across the cells of the matrix. 
